Introduction
A fundamental question tackled in recent empirical researches on growth is whether rich economies produce higher levels of income because they employ a greater amount of physical and human capital or because they use better technologies and employ inputs more efficiently. Hall and Jones (1999) , Klenow and Rodriguez-Clare (1997) , Caselli (2005) , among many others, have found that technological differences are the main causes of the uneven levels of development across countries, whereas less than half of the differences in development can be explained by different levels of accumulation of physical or human capital.
1
A distinct but related question -which has received much less investigation -is whether countries tend to converge thanks to factor accumulation or technological catch-up, that is, whether poor economies accumulate more rapidly human and physical capital and whether technical knowledge tends to flow across countries or instead differences in technologies tend to persist over time.
According to the standard growth theories, less developed economies grow faster than rich ones for two fundamental reasons: 1) Because of diminishing returns to capital, poor * Dipartimento di Economia e Statistica, Università della Calabria, (87036) Arcavacata di Rende (CS),
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countries -which have lower endowment of capital -accumulate greater physical or human capital and, in addition, capitals tend to flow towards these economies characterized by higher returns (Neo-classical convergence or capital deepening); 2) Poor countries may adopt technologies and knowledge available in more advanced countries (technological catch-up) .
Little evidence exists on this point mainly for the difficulties to separate empirically technological progress from capital deepening. In fact, in standard growth regressions the use of the initial level of output as explanatory variable may be interpreted both as a proxy for the endowment of capital and as a proxy for the level of technological efficiency of the economy. Therefore, it is not clear how much of the convergence that we observe is due to diffusion of technology rather than capital deepening of less developed countries (Bernard and Jones, 1996) . Dowrick and Nguyen (1989) studying this aspect at cross-country level and adopting the strong assumption of a common capital-output ratio for all countries find a strong process of TFP convergence.
2 Recently, Wong (2007) has proposed an innovative method to study these aspects, finding that the growth of TFP has been the predominant factor of convergence across countries.
The aim of this paper is to investigate whether Italian regions in the last forty years have shown convergence because of physical capital accumulation, human capital accumulation or thanks to technological catch-up. 3 We adopt the methodology used by Wong (2007) and Feyrer (2007) in order to identify channels of convergence. This methodology is based on a combination of growth accounting analysis and convergence regressions and allows to separately estimate the contributions of physical and human capital and technology in the convergence process.
In the analysis, in order to make more significant comparisons over longer periods of time, we build economic series by merging two available datasets of regional economic accounts (ISTAT and CRENoS 4 ) which cover different time periods.
We confirm that Italian regions have shown a (weak) process of convergence (measured both as absolute and conditional convergence) and we are able to show that this convergence has been realized mainly thanks to technological catch-up and in part through human capital accumulation. On the other hand, physical capital has not contributed at all to convergence and, according to some specifications, it seems to have led to divergence.
2 Other works documenting TFP convergence across countries are Dougherty and Jorgenson (1996) and Wolf (1991) who determine TFP levels across countries through a growth accounting exercise. 3 At the level of Italian regions, Aiello and Scoppa (2000) , Maffezzoli (2006) and Di Liberto, Pigliaru and Mura (2008) have shown that TFP differences are fundamental in explaining differences in output levels for recent years. Scoppa (2007) finds that TFP differences are considerably less important if one takes into account regional differences in the quality of human and physical capital. 4 ISTAT is the Italian National Statistical Institute (Rome) and CRENoS is the Center for North-South Economic Research (Cagliari).
A number of sensitivity analyses are carried out. We check that our results are robust to different values of parameters of the production function, to the use of homogeneous datasets and different sample periods, to different model specifications.
Our results are in line with Di Liberto, Pigliaru and Mura (2008) and with Maffezzoli (2006) who -using different methodologies and studying different sample periods -find that TFP convergence has contributed to more similar levels of product per worker among Italian regions.
The paper is organized as follows. In Section 2 we briefly present the methodology used for identifying channels of convergence. In section 3 we present the data and discuss how we merge the datasets of ISTAT and CRENoS. In Section 4 we present our main results. Section 5 carries out a number of robustness exercises. Section 6 concludes.
The Methodology for Identifying Channels of Convergence
We follow the methodology of "channel decomposition" proposed by Wong (2007) (see also Feyrer, 2007) in order to identify the channels of convergence.
This methodology combines the traditional growth accounting analysis (see Solow, 1957) -in which the growth of output is decomposed into the contributions due to the growth of capital and to technological progress (the "Solow residual") -with the growth regressions à la Barro (in which the output growth is regressed on the initial level of output). The aim of "channel decomposition" is to establish how much of the convergence that we observe in a sample of economies is due to capital accumulation and how much is generated by technological catch-up.
We use a standard Cobb-Douglas aggregate production function with constant returns to scale, as in Hall and Jones (1999) , to describe the production process in each region: 
Taking logs of both sides yields:
Taking derivatives of both sides with respect to time we obtain:
denotes the growth rate of human capital, ( )
denotes the growth rate of TFP, and we define ()
as the growth rate of physical capital.
Equation [4] represents the typical decomposition provided by the growth accounting approach.
On the other hand, in convergence regressions the rate of growth of output per worker is regressed on a constant and on the initial level of output (in log):
The estimation of a statistically significant parameter 0 < β implies that poor regions tend to grow faster than rich ones. This result is defined "absolute β convergence", since it is implicitly assumed that regions converge to the same steady-state. Alternatively, it is possible to analyze the existence of "conditional β convergence" taking into account in equation [5] additional variables which proxy for different levels of steady-states of the economies.
The methodology of Wong (2007) is based on the following simple intuition. Since 
By using a linear estimator it is possible to show that the sum of the β coefficients obtained in the separate regressions [6] , [7] and [8] is equal to the β coefficient in equation [5] , that is:
To see this more clearly, consider that by estimating equation [5] by OLS yields: 
The Data
The main data sources we use are ISTAT (2005) Analyses of regional development are plagued by the problem of short time series, since ISTAT periodically revises the criteria followed in the building of the economic series, but it does not rebuild series for the past for a sufficient long period using the same criteria.
In order to overcome this problem we merge the two datasets we have available: ISTAT and CRENoS series overlap for the period from 1980 to 1996. The correlation between these series is very high, equal to 0.99 for output and employment and to 0.98 for investments.
For each variable X, we exploit the overlapping period between the two series to determine, for each region, a coefficient ψˆ from the following regression: 1980..1996 By forcing the constant to be zero, in practice we determine a factor of proportionality between the two series.
6 Subsequently, the estimated coefficient ψˆ is used to generate homogeneous data t istat X _ for the period 1960-1979 on the basis of CRENoS data: 5 The datasets are freely available respectively at www.istat.it and www.crenos.it 6 The t-stat of ψ coefficients are typically extremely high (the median t-stat is about 100). 1960..1979 We use the same procedure to combine data from the new ISTAT dataset (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) with the old dataset , exploiting the 5 overlapping data (2000) (2001) (2002) (2003) (2004) An analogous strategy in order to merge two datasets with partial overlapping data has been followed, for example, by Acemoglu, Johnson and Robinson (2002, p. 1237) .
Nevertheless, as robustness checks our analysis has been also carried out using time- , where n and g are the average growth of, respectively, employment and productivity. Note that to avoid attributing excessive weight to the initial data of capital stock, we start considering data from 1970.
The capital share of income α is calculated from the ISTAT National Economic Accounts as one minus the labour share, which in turn is determined as the ratio between labour income earned by employees and self-employed 7 over total income: income Total
The value of α we use is 0.302. This value is in line with to the one estimated by Gollin (1992) and Bernanke and Gurkaynak (2001) for Italy (in their estimates α ranges between 0.29 to 0.35) and with the value determined by Mankiw, Romer and Weil (1992) in their cross-country analysis (α=0,30).
As is standard in literature (see Hall and Jones, 1999) , human capital per worker is calculated through the Mincerian earnings functions. The stock of human capital per worker is determined as: 
The Role of Capital Accumulation and Technological Catch-

Up in Convergence
In this section we firstly determine the growth rates of output per worker, human capital and 7 Self-employed workers are supposed to earn a labour income equal to employees. 218 In all the regressions we use as weights the number of inhabitants in the regions. Growth rates are measured as logarithmic differences. Standard errors (corrected for heteroskedasticity) are reported in parentheses. The symbols ***, **, * indicate that coefficients are statistically significant, respectively, at the 1, 5, and 10 percent level.
In column (1) of Table 1 the typical absolute convergence regression is estimated. The coefficient on the initial level of output per worker takes a value of -0.45 and it is strongly statistically significant. Figure 1 shows the relationship of the growth rate of income per worker (from 1970 to 2007) to the log of output per worker in 1970: it clearly emerges a standard process of absolute convergence. 9 Starting from 1960 output has grown at an annual rate of 2.53% while human capital has grown at a rate of 0.85%. 10 We also run un-weighted regressions (not reported) finding similar results. Regressions (2)- (4) of Table 1 More importantly, the regions which have recorded higher rates of growth of physical capital are not the regions who have grown more in terms of product per worker. In fact, regressing the growth of output on the growth of physical capital ratio, we find no statistically significant relation.
In our opinion, these findings are likely the consequences of errors and badly designed development policies followed by Italian governments in the post-war period, consisting in large investments by public-owned firms in capital-intensive industries, huge subsidies to investments by private firms often in declining sectors to protect employment, bad management of public funds, wastes, corruption and so on (see Golden and Picci, 2005) . As argued by Pritchett (2000) , under these circumstances investments realized by governments fail to reflect in productive capital.
As regards human capital, estimates in column (3) of Table 1 
Conditional convergence
We have considered in the previous sections absolute convergence, not controlling for variables proxying for different steady-state levels: for regions within a country fundamental differences in institutions or preferences should be less important than across countries. The parsimonious specification also avoids to lose degrees of freedom given our small sample size (20 regions).
Nevertheless, given the historical dualism of Italian economy, as robustness exercise we now consider conditional convergence. Table 2 reports the β coefficients in a framework of conditional convergence, that is, we include macro-area dummies North and Center (the reference category is South) as proxies for steady-state values.
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As regards channels of convergence, results in the conditional convergence framework are not dissimilar to the ones obtained with absolute convergence. In column (1) we show thatas expected -convergence is more pronounced when we control for steady-state proxies In all the regressions we use as weights the number of inhabitants in the regions. Growth rates are measured as logarithmic differences. Standard errors (corrected for heteroskedasticity) are reported in parentheses. The symbols ***, **, * indicate that coefficients are statistically significant, respectively, at the 1, 5, and 10 percent level.
Pooled regressions
In Table 3 The results obtained in pooled regressions widely confirm our previous findings. Regions have converged (conditionally); physical capital has not contributed at all (or it has been a factor of divergence) to the convergence process; human capital has significantly contributed to convergence although the magnitude of its contribution appears not very high; finally, the growth of TFP is the predominant engine of convergence. 260 In all the regressions we use as weights the number of inhabitants in the regions. Growth rates are measured as logarithmic differences. Standard errors (corrected for heteroskedasticity) are reported in parentheses. The symbols ***, **, * indicate that coefficients are statistically significant, respectively, at the 1, 5, and 10 percent level.
Analyzing σ -Convergence in TFP Levels
To corroborate the evidence of TFP convergence we analyze if there has been σ -convergence in TFP levels, that is, if the standard deviation of TFP across regions has shown a tendency to reduce over time. We determine the level of TFP across regions for each year from 1970 to 2007 considering equation [3] as:
In Figure 3 we show that there has been σ -convergence for TFP, that is, that dispersion of TFP -apart from an initial period in the Seventies -has been declining over time (technological catch-up). 
Robustness Checks
In this section we carry out a number of robustness checks in order to verify if our findings about channels of convergence are sensitive to the choice of parameters, functional forms, measurement of variables, datasets, and periods of analysis.
First of all, we verify if the coefficients estimated in the previous section are robust to the assumptions of different values for parameters. The first row of Table 4 reports β coefficients related to our baseline specification of Table 1. In the following rows we experiment with alternative assumptions on rates of return on education. First of all, the rate of return on human capital φ is assumed equal to 5.7%, the private rate of return estimated by Brunello and Miniaci (1999) As regards physical capital, we firstly let the capital share α range between 0.20 to 0.50. As shown in rows (4)- (6) of Table 4 Finally, we experiment if our results are robust to the determination of the initial level of capital stock. Instead of imputing the steady-state value for the regional capital stock in 1960,
we proceed alternatively exploiting estimates of Paci and Pusceddu (2000) , Bonaglia and Picci (2000) and Maffezzoli (2006) who determine regional capital shares for the years 1970, 1979 and 1980.
We proceed as follows: first, we estimate for year 1980 the ratio κ between net capital stock and GDP at national level using recent estimates of investments and capital stocks provided by ISTAT (2007) . The national capital-output ratio is about 3. Then we determine the national stock of capital consistent with our series of data by multiplying Italian GDP in 1980
(obtained as the sum of regional GDP) by κ . The stock of capital obtained in this way is then divided among the 20 regions using the regional shares calculated by Paci and Pusceddu (2000) for the year 1980 and Maffezzoli (2006) 
Time-homogeneous dataset
In this sub-section we run our regressions using a homogeneous dataset provided by ISTAT Estimates are reported in Table 5 . Results confirm the convergence of regions in terms of output per worker (at a rate of 1.53%). This convergence has been obtained thanks to human capital and to technological catch-up, while physical capital turns out to be a factor of divergence (the coefficient k β is positive and, in this case, is statistically significant). Table 5 . Channels of convergence with time-homogeneous data (ISTAT 1980 (ISTAT -2004 
Growth accounting in terms of capital per worker
Growth accounting can be carried out in terms of capital per worker rather than in terms of the capital-output ratio. We follow this approach in this section. Starting from equation [1] , dividing by L we obtain:
. Taking logs of both sides and the derivative with respect to time we obtain:
Regressing separately the three right-hand side components on the initial level of output per worker (in 1970) we obtain the results reported in Table 6 . Results are again consistent with our previous estimates. Human capital and TFP emerge as important factors of convergence while physical capital per worker (although now the coefficient is negative) does not appear to affect convergence. 218 In all the regressions we use as weights the number of inhabitants in the regions. Growth rates are measured as logarithmic differences. Standard errors (corrected for heteroskedasticity) are reported in parentheses. The symbols ***, **, * indicate that coefficients are statistically significant, respectively, at the 1, 5, and 10 percent level.
Concluding remarks
In this paper we have adopted the methodology recently proposed by Wong (2007) and Feyrer (2007) -which combines growth accounting with convergence regressions -to individuate the channels of convergence for Italian regions. We provide evidence that for Italian regions a moderate process of convergence in terms of output per worker has taken place in the last forty years, but that physical capital accumulation has not contributed to the relative growth of poorer regions, whereas human capital (partially) and technological catch-up (predominantly) played a crucial role in convergence.
We have examined convergence both in an absolute and conditional framework finding very similar results. Furthermore, the main result of a dominant role of technological catch-up in guiding the convergence process among Italian regions has been shown to be robust to model specifications, sets of data and alternative assumptions on parameters value.
Our result of a sustained process of technological catch-up is consistent with the recent analyses of Di Liberto, Pigliaru and Mura (2008) growth rates of efficiency, that is, convergence in TFP, whereas human and physical capital have increased uniformly regional product but without contributing to convergence. Scoppa (2007) has shown that the role of TFP levels in explaining productivity differences is less relevant if one takes into account differences in the quality of physical and human capital existing across regions. Unfortunately, whereas some proxies of quality of capital is available for recent years (for example, measures of performance of students in international test scores such as PISA or TIMSS to gauge effective skills acquired at schools) no reliable data on the dynamics of such proxies along time is available. This prevents us to analyze whether changes in the quality of human and physical capital has contributed or not to the convergence process and whether we are attributing improvements in the quality of factors to technological convergence.
